Abstract. Early detection and adaptive support to changing individual needs related to ageing is an important challenge in today's society. In this paper we present a system called GiraffPlus that aims at addressing such a challenge and is developed in an on-going European project. The system consists of a network of home sensors that can be automatically configured to collect data for a range of monitoring services; a semi-autonomous telepresence robot; a sophisticated context recognition system that can give high-level and long term interpretations of the collected data and respond to certain events; and personalized services delivered through adaptive user interfaces for primary users. The system performs a range of services including data collection and analysis of long term trends in behaviors and physiological parameters (e.g. relating to sleep or daily activity); warnings, alarms and reminders; and social interaction through the telepresence robot. The latter is based on the Giraff telepresence robot, which is already in place in a number of homes. A distinctive aspect of the project is that the GiraffPlus system will be installed and evaluated in at least 15 homes of elderly people. This paper provides a general overview of the GiraffPlus system and its evaluation.
I. INTRODUCTION
HE prolongation of independent living for promotion of a healthier society is a social and economic challenge. Most elderly people wish to remain in their homes as long as possible as this is in general conducive of a richer social life and paramount to maintaining established habits. To adhere to this wish is also positive from an economic perspective as the cost of care at home is almost always much less than the cost of residential care. However, several issues need to be addressed in order to prolong independent living. One is early detection of possible deterioration of health so that problems can be remediated in an early stage and timely involvement of health care providers and family can be assured. A second issue is to provide adaptive support which can offer services to assist in coping with age-related impairments.
The work has been supported via the EU FP7 programme via the GiraffPlus project.
Third, ways of supporting preventive medicine must be found as it has been increasingly recognized that preventive medicine can contribute to promoting a healthy lifestyle and delay the onset of age-related illnesses. The GiraffPlus system is developed in the GiraffPlus FP7 project and addresses the above challenges. The system consists of a network of home sensors that measure e.g. blood pressure or temperature, or detect e.g. whether somebody occupies a chair, falls down or moves inside a room. The data from these sensors are interpreted by an intelligent system in terms of activities, health and wellbeing: e.g. the person is exercising or the person is going to bed, or a fall has occurred. These activities can then trigger alarms or reminders to the primary user or his/her caregivers (secondary users), or be analyzed off line and over time by a health professional (secondary users). The system should automatically adapt to perform specific services such as checking the person's night activities. There is also a telepresence robot, the Giraff robot, which can be moved around in the home by somebody connected to it over Internet, e.g. a caregiver. The Giraff robot is an example of mobile robotic telepresence technology [1] and is effectively a mobile communication platform, equipped with video camera, display, microphone and speakers, and a touch screen, and it helps the user to maintain his/her social contacts. When a remote visitor uses the Giraff robot as a communication tool, what has happened in the home in terms of activities and the physiological measurements of the person can be seen and discussed. Both the remote visitor and the person in the home have access to the information and the system can be modified to assess other aspects with the agreement of the primary user. Particular emphasis is put on user evaluation outside the laboratories. The GiraffPlus system will be installed and evaluated in at least 15 homes of elderly people distributed in three European countries (Italy, Spain and Sweden) that is installed at the midpoint of this three year project. These evaluations drive the development of the system. The concept of "useworthiness" is central in order to assure that the GiraffPlus system provides services that are easy and worth using. The robot uses a Skype-like interface to allow caregivers to virtually visit an elderly person in the home. The Giraff robot is enhanced with semi-autonomy in order to increase safety and ease-of-use. The GiraffPlus system also includes a network of sensors. Data from these sensors are processed by an advanced context recognition system based on constraint-based reasoning which both detects events on-line and can perform inference about long term behaviors and trends. Personalized interfaces for primary and secondary users are developed to access and analyse the information from the context recognition system for different purposes and over different time scales. An important feature of the system is an infrastructure for adding and removing new sensors seamlessly, and to automatically configure the system for different services given the available sensors. This is done using planning techniques. These features provide an adaptive support which facilitates timely involvement of caregivers and allows monitoring relevant parameters only when needed. In GiraffPlus, the business model development is to be woven with the evaluation activities and consequently the iterative approach also allows for user evaluation to be a major driver for the development of the business model and the exploitation strategy. Part of the user evaluation will be dedicated to investigate the potential for the services to be commercialized either through purchase, leasing or subscription models. From the onset of the project, all system architecture, functional specifications, feature development and other major technical decisions are evaluated against the emerging business model. In particular, feasibility of these issues with respect to practical cost, implementation and support considerations will be assessed. Interoperability, adherence to (or development of) relevant standards, and "open source" philosophy are all key factors in these assessments.
II. NOVELTY OF THE GIRAFFPLUS SYSTEM
The main novelty of the GiraffPlus system from the user perspective is the combination of: an easy communication tool, including the possibility to see the other person and to move in the environment; the possibility to have meaningful and personalized information about what has happened in the home; the collection and monitoring of physiological parameters; and the raising of alarms and warnings in case of need.
There is a clear need of a system with such functionalities in western societies where the elderly population is increasing and in fact there is already a market for products of this kind. A large number of companies have been newly established in most industrialized countries offering monitoring solutions where several parameters are monitored and information is sent via Internet and/or mobile phones. Most of the solutions use wireless motion or contact sensors on doorways, windows, walls, ceilings, cabinets, refrigerators, appliances or beds to track seniors' movements. The availability of many commercial solutions also shows a need for monitoring and an acceptance of the technology as a help. The novelty of the GiraffPlus system with respect to such solutions is that it builds over the level reached by the latter and uses high level reasoning for context recognition, configuration planning and personalization and interaction services. No commercial system is currently available that addresses this aspect. The novelty of the GiraffPlus system from a research perspective is the development of a system combining sensors and a teleoperated robot with high level reasoning including context recognition, configuration planning and personalization and interaction services. An important aspect that sets GiraffPlus apart from other research projects is the evaluation of the system in real homes for extended periods of time. Inspired by previous works, this requires solutions that are reliable, robust and also acceptable from the users´ perspectives. In addition the system needs to be perceived as really use-worthy to be used for such a length of time. In recent years, the EU has funded a number of projects promoting independent living for elderly. The Ambient Assisted Living Joint Program (http://www.aal-europe.eu/) AAL, is focused exactly on this topic. Several AAL projects address smart homes for the elderly. The solutions proposed by the AAL projects are based on established technologies. They are developed in a close loop with the users, and the projects are expected to result in commercialization in the near future. However, the solutions tend to be specific for a certain class of illnesses and the scientific novelty can be limited. In many of them, services provided are mostly based on a one-to-one correspondence between sensor data and actions that the system performs. Conversely, GiraffPlus proposes to focus on changing needs via long term monitoring of complex behaviours and the use of high level reasoning. This allows the system to recognize and react to more complex human Fig. 1 The GiraffPlus system overview behaviours, and will support the provision of services in response to long-term physiological trends. These capabilities are paramount in early diagnosis and prevention, and constitute what we believe is a key factor for uptake. The EU has also financed many FP6 and FP7 projects that have some similarities with the GiraffPlus project. The FP6 and FP7 projects tend to address more general problems with respect to the AAL projects and develop more advanced systems (often including autonomous robots). However, the results of these projects are farther from commercialization, both in terms of technological maturity and in terms of affordability. User evaluations tend to be more limited than those carried out in AAL projects. The GiraffPlus project combines a challenging research development with a thorough evaluation that is similar to the kind of evaluation done in an AAL project. Our effort on evaluating useworthiness is unique and from this point of view, we propose a middle ground between AAL-like user evaluations (which are appropriate for products that have a 2-year time to market) and Framework Programme projects (where user evaluation is focused purely on refining research prototypes). We also advocate a way to introduce the technology that is non-obtrusive and even enjoyable. Additional projects related to ours are the ones that aim at creating a common platform for AAL, like universAAL on top of which to develop intelligent software applications for the end users. It is our intention to be aligned to the universAAL results, to reuse the Open Source software released by them.
III. USER REQUIREMENTS
The GiraffPlus system is being developed on the basis of user requirements from both primary (elderly living in their apartment), and secondary (health care professional or family members and friends) users. Overall a total of 325 users (among primary and secondary) have been involved in this initial phase. Qualitative and quantitative research has been carried out in the three countries of Sweden, Spain and Italy, to elicit user requirements and expectations in terms of type of services as well as system design and appearance. The study has started with a literature review, followed by focus groups and questionnaires. Specifically, the results of the focus groups have been validated via questionnaires and workshop with users. Some qualitative cross-cultural analysis has also been performed in order to highlight differences emerged during the studies in the three countries. Result of this effort is a list of user requirements with an associated level of priority and a set of preferences on different mockups of a component of the system that can be both used to influence the future architecture definition and functional specification of the GiraffPlus system. This comprehensive list of requirements is not only of interest for the specific GiraffPlus system, but also outlines general preference of primary and secondary users with respect to technological solution.
I. SYSTEM ARCHITECTURE
To establish a clear correspondence between the user requirements and the implementation of the GiraffPlus system, the user requirements have been translated into technical requirements that are directing the architectural structure and the development of the system. In accordance with them an overall structure of the system has been outlined. In particular, four main components have been identified: Physical Environment and Software Infrastructure; Data Storage, Intelligent Monitoring and Adaptation Service; and finally Data Visualization, Personalization and Interaction Service. The Physical Environment and Software Infrastructure component represents the basic level of functionalities of the GiraffPlus system. All the data services are grounded on functionalities of this part of the system. This module is also in charge of providing the common and interoperable communication service. In particular, the Middleware Infrastructure implements the Middleware service constituting a gateway shared among all the system components. The role of the Sensors Network is to gather the data generated by the sensors (deployed in the elderly home) as well as to provide the rest of the system with the (possibly pre-processed) collected data. The Giraff Robot component implements the GiraffPlus tele-presence functionalities, also providing a Pilot service to remotely control the robot. The Data Storage component is responsible for providing a general database service for all the data generated by parts of the system and providing data access functionalities. Specifically, the role of this component is to manage a database containing all the data collected through the Middleware service and generated by other system components (for instance, the Sensors Network). Additionally, it enables other components to access the information and reason over it (also considering historical evolution). The Intelligent Monitoring and Adaptation Service is the component responsible for context/activity recognition and configuration planning. This part of the system encompasses two general reasoning systems namely:
• The Context Inference System, which is in charge of implementing the requested monitoring activities by means of context/activity recognition and relies on a timeline-based representation of the data generated by the sensors.
• The Configuration Planning System, which is responsible for providing suitable configuration settings for the Sensors Network according to the requested monitoring activities. The Data Visualization, Personalization and Interaction Service is the part of the system responsible for creating user-oriented service. It provides different end-users with suitable interaction modalities for the available services and provides visualization services adapted to the different interaction created within the system. Depending on the classes of end-users, personalized services and specific dialogue boxes are offered which take into account his/her specific needs/roles. The Personalization Service acts as a back-end of the Interaction service and is in charge of collecting and keeping up-to-date all the data needed to generate personalized interactions. It basically creates and dynamically maintains profiles for all the end users involved in GiraffPlus and also provides some reasoning services specifically tailored for the persons involved (e.g., the reminding setting and associated dialogues). The Proactive Services are responsible for collecting specific functionalities to prepare content to be sent from the technological modules to users. Finally, the interconnections among components are also relevant. In this regard, a crucial role is played by the Middleware service as it provides the central connection point that is shared by all the components according to the needed information exchanges.
II. SENSORS
The complete system uses a number of sensors that are pervasively integrated in the home or can be used by the elderly to collect vital signs measurements. The latter are provided by the IntelliCare Company. IntelliCare has developed and thoroughly tested a user-friendly systemLook4MyHealth -that takes several vital sign measurements like weight, blood pressure, blood glucose through dedicated sensors, in a comfortable and thorough way at the patient's home. A portable pulse and oxymetry is also available. The environmental sensors are mostly provided by the Tunstall Company. These include smoke sensors, temperature sensors, fall sensors, sensors that provide door usage information (i.e. how many times the person uses a certain door in the apartment or the door of a cupboard), bed/chair occupancy information, and electric appliance usage. Fig. 6 shows some of the used physiological and environmental sensing devices. It is especially important in this kind of application that the sensors are not perceived as compromising privacy and integrity of the elderly. For this reason we employ what we call a "ghost" approach. That is, the actual person is never seen, rather only the effects of his/her actions are detected by the sensors. For instance, data from door crossing and humidity sensors in the bathroom can be used to infer that somebody has taken a shower without ever seeing the person. In addition, integrity and security aspects are considered for the wireless communication when the personal data is transmitted.
III. HIGH LEVEL REASONING
Context recognition and the configuration planner are important components of the system in order to give meaning to the sensor data. The former recognizes the activities performed in the home (e.g. eating-dinner, sleeping, food-cooking, and robot-moving) on the basis of the sensors data. An activity has an extension in time, and it typically involves changes in observable state variables. The task of the configuration planner is to configure the sensor network in terms of subscriptions (and possibly also giving parameters to functionalities) so that the state variables requested by the context recognition system are monitored. Examples of configurations are shown in Fig. 3 . It also directs this data to the context recognition system. For instance, the context recognition may ask the configuration planner to supply the state variable "person-in-room-A" and the latter can then generate and deploy a configuration. The configuration planner should also be able to adapt to changing conditions, e.g. functionalities added, removed, or malfunctioning, or changes in certain state variables (e. g. light =off). Fig. 3 Examples of configurations inferred from home sensorial data.
A. Configuration planning
Given a task, the configuration planning is the problem of generating a functional configuration of a networked robot system consisting both of mobile robots and sensors and actuators distributed in the environment that solves that task. In a functional configuration, sensory, computational and motoric functionalities belonging to the different devices are connected with communication channels. The work by Lundh et al. [2] [3] offers a centralized solution to the problem, which has been successfully employed in an intelligent home test bed. A related approach for multi-robot systems is AsyM TRe-D [4, 5] . ASyMRTe-D works by connecting functionalities, belonging to different robots, into coalitions. The GiraffPlus configuration planner may produce configurations that change over time, in particular when actuation (pre-and postconditions of actions) is involved. The configuration planner makes the sensor network to provide the information (state variable values) that the context recognition system needs, and may also change state variables through actuation. A particular important capability of the GiraffPlus configuration planner is to handle many requests at the same time.
B. Context recognition
Context recognition is a fundamental capability of the proposed system. Context recognition addresses the general goal of providing the system with the capability of inferring context about the human user(s) and of the environment, including its ubiquitous sensors and actuators. In the particular sub-case of human context recognition, this capability often goes under the name of activity recognition. Current approaches to the problem of recognizing human activities can be categorized as data-driven or model-driven. In data-driven approaches, m behaviour are acquired from large volu time. Notable examples of this approac Markov Models (HMMs) in conjunct techniques for inferring transition pro Model-driven approaches follow a comp in which patterns of observations are m principles rather than learned or inf quantities of data [8, 9] . Data-and model-driven approaches hav strengths: the former provide an effectiv elementary activities from large amou data; conversely, model-driven approach the criteria for recognizing human activ crisp rules that are clearly identifiable. the same inference mechanism that is use activity recognition can be leveraged f This is particularly so in cases where the the modeling language affords pla execution monitoring capabilities. M regarding the algorithms can be found in The context recognition system deals w activity has an extension in time, and it changes in state variables (e.g. eating food-cooking, and robot-moving). Simila approaches to inference in the domain o monitoring include [11, 12] . Given the requests from services, the c system determines what state variab monitored and requests these var configuration planning system. It t receives data about these state variable network, enters them into the time activities from them, see Fig. 5 . The c system may also change its request for st configuration planner, depending on wh up or are expected to come up. And it m of state variables (actuation) when cer triggered. Some physiological state variables, e suitable for processing by the context r but should just be stored for later proc adequate tools. However, it is importan relation (e.g. temporally) to the informat (database).
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V. TESTING OF THE SYSTEM
A first integrated version of the system has been implemented in the pilot apartment Ängen in Örebro (Fig.  6) . The test apartment Ängen is located in a unique building complex as part of an initiative to provide complete care facilitates for older people in Örebro, both elderly and independent seniors. The aim has been to create a preliminary version of the system including the Giraff robot, the IntelliCare sensors providing physiological data, a physiological sensor for pulse oximetry measurements, the monitoring sensors from Tunstall and middleware. This version of the system has been used for providing data to the context recognition and configuration planning components and in a preliminary evaluation of the system with primary and secondary users. The system has been tested in two realistic scenarios considered relevant by the secondary users and recorded in a video. In the first scenarios an elderly person with diabetes receives regular visits from a nurse and discusses with her the physiological data collected by the GiraffPlus system. The system is adapted to the need of the person first by adding the monitoring of night activities for assessing sleep, then by adding the monitoring of falls. In both cases the changes of the system are discussed and agreed between the primary and secondary user. The result of the night activities monitoring is shown in Fig. 5 . In the second scenario a physiotherapist gives advice and checks the exercise routine and the movement done during the day of a primary user. As we plan for the next phase of testing we anticipate building upon the experiences of the current Giraff mobile telepresence system reported so far, incorporating and enhancing its perceived value as a social connection device. From the caregiver's perspective the most valuable aspect of Giraff is its "instant presence" capability. Anecdotal feedback in early evaluations indicates that the ability to be present anywhere in the home at any time regardless of the caregiver's physical location increases confidence and "peace of mind" that the elderly resident is safe and cared for. Indeed, it is often simply knowing this is possible that creates the perception of increased confidence more than the remote visits themselves. From the elderly resident's perspective the most common reported value of Giraff is the ability to stay socially connected without any UI requirements on their part. The ability to simply "sit back and receive the visit," leaving the task of connecting to and navigating the Giraff of the visitor, increases the Giraff's acceptance and erceived value. There is also a reported sense of security in knowing they can request a visit any time simply by touching a button. Interestingly, there is also a sense of privacy and control reported by residents that seems to come from their ability to decide who can visit them and under what circumstances. We know from the ExCITE project (an AAL initiative that evaluates the Giraff as an singular product) [13] that Giraff offers a high level of social richness and a realistic feeling of spatial presence [14] , and can even be effective as a social connection tool amongst people with Mild Cognitive Impairment [15] . We also know that it is positively perceived by health professionals [16] . One goal of the GiraffPlus project is to extend and enhance these perceived values by combining them with monitoring and inference capabilities as described above and allow both professional and informal caregivers to respond to potential emergency situations, and in general offer a "human in the loop" to "put soft edge" on the technology present in the home, particularly with regard to explaining to the elderly resident what they are experiencing and why. We hope to validate and enhance the early Giraff experiences in the richer setting of GiraffPlus.
VI. EVALUATION WITH USERS
The evaluation is central in GiraffPlus. Gerontechnologyrelated research and several design efforts have contributed to including older users of technology in the evaluation and widening the scope from ageing as merely a decline to ageing as a life phase with possibilities despite health problems [17, 18] . Wellness, barrier-free societies and "universal design"/"design for all", are concepts that take elderly seriously by pursuing communication solutions that include the elderly in e-society and help create mainstream products rather than tools that stigmatize old age. In this regard, design can act both as a conservative and a liberating force. In the development of the GiraffPlus system an active role is given to the elderly as part of the design process. Often there is confusion about the way that we would prefer elderly to behave with how they actually behave. The novelty of this project lies in the implementation of a design process where knowledge of technology's relationship in everyday life is used to understand how GiraffPlus may be use-worthy and what facilitates and prevents its use. This approach moves forward the development of technical solutions that support aging in modern society in four ways: By strengthening elderly's influence in the design process to optimize the output: This project deliberately avoids prejudices of old age by involving elderly who wish to live a continued independent life in modern society. The elderly are often considered as a homogeneous group ascribed particular difficulties to absorb and use new technologies. One of the signs of the willingness to change this view is the initiative among elderly themselves to contribute to good practice [19] . This project involves elderly as active and mature users of technology that are experts on their own needs and demands. Old users can often be described with the sociological concepts of being "lay end users" or "implicated users" [20] . The concept of "lay end users" was introduced to highlight some end user´s relative exclusion from expert discourse. Implicated actors are those silent or not present but affected by the action. In this project the elderly are involved as active subjects throughout the design process and take part in the discourse throughout the iterative design process. By departing from a traditional technocentric model to develop more person-centered approaches [21, 22] and to explore experiences of technology as sources for innovations [23] : In this project, we allow older users to express their problems and life-long habits as users of technology. They are given the opportunity to express their obvious and visible needs as well as the latent needs that can be awakened in the context of playfulness as a tool in the design process [24] . People who invest something of themselves in a product are increasing their emotional ties (attachment) to the product [25, 26] . In this project the elderly have been given the opportunity to participate in a creative way in the development of three mock-ups of the GiraffPlus and to develop their own relationship to this application [27] . Today digital devices have become an extension of us, not as a gadget that symbolizes a lifestyle but as an actual part of our conscious self [28] . Uniquely in this project elderly are given the opportunity to shape a technology -the GiraffPlus system -in a creative and playful way. By testing technology and services in a real life environment and evaluate them also considering how the system fits into the users' everyday life. Important concepts in this respect are "useworthiness" and "usability". While usability is a test on whether an application is functional and useful, useworthiness is a test of whether the application is worth using; i.e. can fulfill the needs that are the most important ones to the person [29, 30] . Both usability and useworthiness have a bearing on human experience and how the encounter with new technologies affects them. In particular it affects their opinion of whether the new application is worth a try, if it has comparative advantages with respect to other solutions and their opinion of whether the technology will affect their own identity and status in relation to others. The feeling of being involved in an innovation process that is placed at the front end of technology development is the kind of feeling that we want to inspire in the users of GiraffPlus. Useworthiness, unlike usability, has a clear bearing on the context. When new technologies are introduced in the home a domestication process starts in which technology is ascribed practical and symbolic meanings that lead to its becoming integrated or rejected [31, 32] . Users make the technology "their own" when it is integrated in practice and in social relationships. By contributing to the field of technology acceptance modeling, through the application of state-of-the art technology acceptance models. User acceptance has been defined as "the demonstrable willingness within a user group to employ technology for the tasks it is designed to support" [33] . A number of theoretical models have been widely used in the literature for modeling user acceptance of technology. TAM [34] is one of the most widely used models. It suggests that Perceived Usefulness and Perceived Ease of Use influence the Behavioral Intention to use a system through the mediation of Attitude. A more recent and comprehensive model is the Unified Theory of Acceptance and Use of Technology (UTAUT) [35] . It is also important to study the psychosocial impact of a technological aid on its users in order to identify the reasons for its use or its abandonment and recognize problematic areas. Psychosocial factors may be crucial in determining the degree of satisfaction of the user; sometimes the abandonment of an assistive device is due to technical problems but there are several cases where factors such as personality and motivation can have an important effect. Satisfaction and frequency of use are determined by real costs and benefits related to use of assistive device [36] . A first evaluation has been performed in the Ängen apartment with primary users to assess a preliminary version of the system and its perceived use-worthiness and with secondary users with respect to the visualization of the data. The next step is to test the intermediary GiraffPlus prototype in the homes of elderly users in Italy, Spain and Sweden. In preparation to this important evaluation ethical guidance has been jointly developed between the partner countries where evaluations are being performed; in addition criteria and recruitment plans have been established and a method for user involvement has been developed. The results from the preliminary GiraffPlus prototype evaluation with primary and secondary users (Fig. 7) show the need for contextualization and customization of scenarios and technical possibilities. It proves the importance of integrating services into the everyday life of elderly and into the organization of health care systems and daily work among health care professionals.
VII. CONCLUSIONS
In order to sustain a good quality of life for an aging population, independent living is a key requirement. Three elements must be in place: 1) the elderly must be of sufficient health to live safely at home; 2) there must be the opportunity for good social interaction habits within the home to avoid isolation and loneliness; 3) intervention must occur in a timely fashion that is beneficial to the elderly and efficient for the caregiver system. Creating an infrastructure to continuously monitor activities of persons in the home enables an assessment of health degradation in a manner which has not been previously possible. Such an assessment aims to contribute to a reduction in healthcare costs as many health ailments can be addressed in an early stage of on-set. For the elderly, the concept pursued in GiraffPlus provides a tool to address concerns about isolation and safety by encouraging social contact and thereby increasing quality of life and possibilities to prolong independent living. For the caregiver, the specific technologies to be developed allow for continuous information about the status of the elderly, encourage a meaningful interaction concerning patient wellbeing, enable timely involvement, provide time effective care and not least lead to economical savings. The integration and deployment effort put forth by this project constitutes a significant step towards applying artificial intelligence in a real-world context where usual simplifying assumptions cannot be made. Thus, in addition to providing solutions for an extremely important future market niche for European industry, we expect that GiraffPlus system will have a strong impact with respect to the advancement of European excellence in smart environment development.
